Abstract:
Introduction
Organic-inorganic nanocomposites have been found to have applications in environmental remediation, sensing, catalysis, and biomedicine. Polymer supported nanosized metal oxides prepared by direct mixing, in situ or by templating, show unique properties given by the combination of the two components [1] .
Poly(acrylic acid) [2] is a proton-donating polymer like poly (p-vinyl phenol) [3] and poly(vinylphosphonic acid) [4] . Imidazole is a proton accepting polymer and also a base. Therefore imidazole-containing polymers are likely to be miscible with proton-donating polymers and easily form miscible blends, which are known as interpolymer complexes [5] .
Recently, neutral (or basic) proton conducting polymer electrolytes were developed as they are likely to be more stable in the presence of electrode materials. In this context, heterocycles such as imidazole or benzimidazole have been reported as showing promise under anhydrous and intermediate temperature conditions [6] [7] [8] . In these systems, proton transport occurs via hydrogen-bonded neighboring heterocyclic units through the Grotthuss mechanism [8] .
Nanoparticles typically ranging in size from 1 nm to 200 nm play a major role in the development of nanoscience and nanotechnology [8] [9] [10] . Magnetite is one of the biocompatible superparamagnetic materials that has low toxicity and strong magnetic properties [11] . They have been widely used for in vivo examination including magnetic resonance imaging, contrast agents, hyperthermia [12, 13] as well as in vitro binding of proteins and enzymes [10] . Among various metal oxide nanoparticles, Fe 3 O 4 nanoparticles due to their biocompatibility, strong superparamagnetic behavior and low toxicity have been considered as candidates for immobilization of desired biomolecules [14, 15] . Successful applications of magnetic nanoparticles in the immobilization of biomolecules has also been reported [16] .
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Imidazole is a proton accepting polymer and also a base. Therefore imidazole-containing polymers are likely to be miscible with proton-donating polymers and easily form miscible blends, which are called ''interpolymer complexes'' [17,18] .
Encapsulation of nanosized magnetic nanoparticles into a natural or synthetic polymer has been recognized as a common synthetic route to design iron oxide containing polymer nanocomposite type materials which are called as "magnetosomes". These magnetosomes have been used for triggered release in the body. The literature describes various US patents for magnetosomes such as "nanoclinics" or "nanobubbles" as tracking agents in laser scanning microscopy [19] [20] [21] [22] .
In this study, the Polyacrylic acid (PAA)/ polyvinylimidazole (PVI) grafted and ungrafted iron oxide nanocomposite polymer electrolytes were prepared using different molar ratios of PVIm and PAA from water by mixing.
Experimental procedure

Materials
Ferric chloride hexahydrate, ferrous chloride tetrahydrate, 1-vinylimidazole (VI), 3-mercaptopropyltri methoxysilane (MPS), and 2, 2'-azobis (isobutyronitrile) (AIBN) were purchased from Fluka and Across PAA was synthesized by radical polymerization [23] . PVI was synthesized by solution polymerization [24] . All other chemicals were of analytical grade and were used
Instrumentation
X-ray powder diffraction (XRD) analysis was conducted on a Rigaku Smart Lab Diffractometer operated at 40 kV and 35 mA using Cu K radiation.
Transmission electron microscopy (TEM) analysis was performed using a FEI Tecnai G2 Sphera microscope. A drop of diluted sample in alcohol was deposited on a TEM grid.
The thermal stability was determined by thermogravimetric analysis (TGA, Perkin Elmer Instruments model, STA 6000). The TGA thermograms were recorded for 5 mg of powder sample at a heating rate of 10 o C min -1 in the temperature range of 30 o C-800 o C under nitrogen atmosphere.
The proton conductivity studies of the samples were performed using a Novocontrol dielectric impedance analyzer.
Fourier transform infrared (FT-IR) spectra were recorded in transmission mode with a Perkin Elmer BX FT-IR infrared spectrometer. The powder samples were ground with KBr and compressed into a pellet. FT-IR spectra in the range 4000-400 cm were recorded in order to investigate the nature of the chemical bonds formed.
Synthesis of Fe 3 O 4 (MNPs)
An aqueous suspension of Fe 3 O 4 was prepared using the controlled co-precipitation method as reported earlier [25 o C before the co-precipitation reaction. N 2 was used during the reaction to prevent critical oxidation. Black powder was collected by sedimentation with a help of an the superparamagnetic nanoparticles were re-dispersed
Preparation of Si-PVI
Telomerization of poly(1-vinylimidazole) was accomplished by dissolving 1-vinylimidazole monomer (50 mmol) and MPS (2 mmol) in benzene (10 mL), 26]. The mixture was degassed using Argon and sealed under vacuum. After degassing, the tubes were placed in constant temperature baths controlled to 80 o C. After two days, white precipitates were formed upon the addition of precipitated copolymer was washed with diethyl ether and re-precipitated in this manner two more times. The precipitated product was then dried under vacuum.
Grafting of MNP
The synthesized Si-PVI was silanized onto nanosized magnetic particles in toluene/methanol solution ( volume (Fig. 1) . The silanized particles were washed repeatedly with organic solvents and collected by centrifugation. After washing, the particles were dried under vacuum.
Preparation of nanocomposite polymer electrolyte
PAA, PVI and PVIgMNP were mixed at various concentrations to form the nanocomposite polymer electrolyte ( Fig. 2 and Table 1 ). Then the mixture was further stirred for 2 hours, i.e., until homogeneous
Results and discussion
Characterization of PVIgMNP
XRD analysis
The powder diffraction pattern of PVIgMNP is presented in Fig (220), (311), (400), (422), (511), The detailed magnetization explanation of the Polyvinylimidazole grafted superparamagnetic iron oxide nanoparticles (Si-PVIm-grafted SPION) were given in [22] .
TG analysis
Thermogravimetric analysis curves of MNP, PVIgMNP and Si-PVI, shown in Fig. 4 (A, B and C) respectively, can be used for a quantitative comparison of the degradation behavior of different samples. As shown in Fig. 4A , pure iron oxide shows no weight loss in the temperature range of TG analysis ( Fig. 4B and 4C ). On the other hand, degradation was seen in the TGA curves of both Si-PVI and PVIgMNP. Degradation of Si-PVI begins at a much lower temperature compared to iron oxide. This behavior could originate from the fact that iron oxide particles behave as catalysts thus reducing the degradation temperature of Si-PVI. Moreover, the temperature range for degradation of Si-PVI is wider than that for the nanocomposite. This result might also be attributed to catalytic effects of nanoparticles for the degradation of Si-PVI. Similar behavior was also observed for degradation of PEG and Carnosine over various nanoparticles [29] [30] [31] . PVIgMNP shows a slight weight loss, while Si-Imi exhibits a considerable thermal stability up to 400 o C. Based on the thermogram, Si- 
TEM analysis
Characterization of Nanocomposites
The suggested electrostatic interaction between PAA and PVI moieties in the interpolymer complexes (IPC) structure are well documented by Bayramgil et al.
[5 participates in an electrostatic interaction with the N atom at the 3rd position of imidazole group resulting in decreased acidity of PAA. 
FT-IR analysis
FT-IR spectra of the PE-1, PE-2, NPE-1, NPE-2, NPE-3, NPE-4 are represented in Figs. 6A-6F respectively. All FT-IR spectra shown in Fig. 6 contain the characteristic FT-IR bands of PAA and PVI respectively [5, 32] . For PE, a new band formation was observed at 1581 cm -1 which shows that a large number of PVIm units in the complex 5]. As stated by Bozkurt et al. [32] the carboxylic acid units, C=O and C-O coming from PAA, are replaced by two carbon oxygen bonds. These two bands are strongly coupled, resulting in strong asymmetric stretching of -CO 2 at around 1555 cm . Ring stretching of the imidazolium ion at 1595 cm is masked by the -CO 2 absorption. The peak at 3140 cm -1 stretching peak originating from imidazolium group. For  Figs. 3c-3f , in addition to above polymer peaks, the as prepared powder presents characteristic peaks that are exhibited by the commercial magnetite powder: metal-1 , observed at 590 cm -1 corresponding to the intrinsic stretching vibrations of the metal at tetrahedral site (Fe tetra àO), whereas metal-oxygen band observed at 445 cm , is assigned to octahedral-metal stretching (Fe octa àO) [33] [34] [35] [36] (Figs. 6c-6f ).
TG analysis
TGA thermograms of PE-1, PE-2, NPE-1, NPE-2, NPE-3, NPE-4 are shown in Fig.7A to D 
Electrical measurements
Imaginary permittivity
with increasing frequency and decreasing temperature ( Fig. 9 decreasing for samples without MNP (PAA/PVI 1.0 and PAA/ PVI 0.5 pure MNP addition with more PVI. This increase is about 10 times in the MNP addition when it is about 1000 times in grafted MNP. As a result the dielectric constants generally increase with increasing temperature as seen in semiconductors.
AC conductivity
The AC conductivity of samples at different temperatures ranging from 20 o C to 120 o C in the frequency range of 10. There exists different AC conductivity curves of samples PE1 and PE2 due to the exponential growing nature of 1.0 PVI. By addition of MNP and gMNP increases the AC conductivity for NPE-2 and NPE-4 composites although they cause the decrease in AC conductivity of composites with 0.5 PVI. All samples with a magnetic content have frequency above this frequency the exponential growing starts.
Also above the 70 o AC
vs. f curves change more than at lower temperatures. This varying conductivity and dielectric characteristic at around 70 o C were also reported by other studies [44] [45] [46] [47] for different polymeric low conducting systems. All of these observations can be explained by the changes in the conduction mechanism in the composite system. The fact of constant conductivity at lower frequencies and exponentially increasing conductivity at higher frequencies was typical Nearly constant loss (NCL) regime as described in the literature [48] [49] [50] [51] . At the jumping relaxation mode, the availability of the succesful hoppings to the neighbourhood vacant sites at long periods (low frequency regime) and competition of succesful and unsuccessful hopping at higher frequency. The details of these mechanisms were explained in [51].
DC conductivity
The DC conductivities were obtained by the extrapolation of AC curves to zero frequency and are shown in Fig. 11 . The DC values of composites found temperature dependent different trends. The regions separated at 70 o C were evaluated respectively due to the phase transition at around this temperature. These curves for both samples, where E A is the activation energy and k is Boltzman constant. E A were obtained as 824, 590, 452, 364,485, and 489, 950, 831, 1107 and 929 meV above 70 o C for samples PE-2, PE-1, NPE-2, NPE-1, NPE-4 and NPE-3 respectively ( different temperatures ranging from 20 o C to 120 o C in the were investigated. It is found that the PVI content in the composite is important in means of dielectric and conducting properties. The composites with lower PVI content and magnetic NP have negative dielectric permittivity. While AC conductivity is almost the same in composites with more PVI, it has lower values for composites with lower PVI content. Also the grafting becomes important at such composites of less PVI that it causes drastic decrease in AC conductivity. The DC conductivities have two different linear regions with temperature. The phase change in conductivity mechanism at around 70 o C is observed. The activation energy of composites found between 0.364 and 1.107 eV, and the Ea has higher values after 70 o C (at high Temperature region). The grafting of nanoparticle with PVI and the content of PVI has important effects on conductivity mechanism of these composites. The synthesized nanocomposites may have potential applications as electrostatic materials and electromagnetic shielding materials. The superparamagnetic nanoparticles can be used as microbead biosensors. 
